Reconstruction of extended inflationary potentials for attractors by Gao, Qing & Gong, Yungui
Eur. Phys. J. Plus manuscript No.
(will be inserted by the editor)
Reconstruction of extended inflationary potentials for attractors
Qing Gaoa,1, Yungui Gongb,2
1School of Physical Science and Technology, Southwest University, Chongqing 400715, China
2School of Physics, Huazhong University of Science and Technology, Wuhan, Hubei 430074, China
Received: 27 April 2018 / Revised: 14 October 2018
Abstract We give the procedure to reconstruct the extended
inflationary potentials for attractors and use the α attractor
and the constant-roll model as examples to show how to re-
construct the class of extended inflationary potentials in the
strong coupling limit. We also derive the strong coupling
condition which the coupling constant ξ satisfies. The class
of extended inflationary potentials has the same attractor,
and the reconstructed extended inflationary potentials are
consistent with the observational constraints. The existence
of the attractors from extended inflationary models further
challenges the model discrimination just by the observables
ns and r.
1 Introduction
The T model with the potential V (φ) ∼ tanh2n(φ/√6) [1],
the E model with the potentialV (φ)∼ [1−exp(−√2/3φ)]n
[2], the Higgs inflation with the nonminimal coupling ξψ2R
in the strong coupling limit ξ  1 [3, 4], and the Starobin-
sky model R+R2 [5] all predict that the scalar spectral tilt
ns = 1− 2/N and the tensor to scalar ratio r = 12/N2 with
N = 60 which are consistent with the Planck results ns =
0.9645±0.0049 and r0.002 < 0.10 (95% C.L.) [6], here N is
the number of e-folds before the end of inflation at the hori-
zon exit. The almost scale invariant power spectrum sug-
gests that the slow-roll parameters ε and η are small at the
horizon exit, while the duration of inflation is long enough to
solve the problems in the standard big bang cosmology. So it
was suspected that there are some relations among the scalar
spectral tilt ns− 1, the amplitude of the scalar perturbation
As and N [7, 8]. Apparently, the mentioned models above
support the inverse relation between ns− 1 and N. Because
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the flatness of the potential is characterized by the slow-
roll parameters and the observables are simple functions of
the slow-roll parameters to the first order of approximation,
we can reconstruct inflationary potentials by parameterizing
the observables with N [9]. Note that the reconstruction can
be thought of as the reverse process of finding ns and r in
terms of N for a given potential, and is valid for single field
slow-roll inflation only. Since higher order corrections are
assumed to be small [10], the effects of higher order slow-
roll parameters are not considered, but this does not mean
that higher order slow-roll parameters are exactly zero. Of
course, this reconstruction procedure provides us the infor-
mation about the behaviour of the potential during inflation
only, it may not work for all potentials [11] and may not be
the good way to probe the physics at the early Universe [12].
The reconstruction of inflationary potentials from the
primordial scalar spectrum in the case of scalar field mod-
els minimally coupled to gravity was first made by Hodges
and Blumenthal in [13]. By parametrizing the deviation of
the equation of state (equivalent to the slow-roll parameter
ε) of the inflaton from the cosmological constant with the
inverse power law β/(N+ 1)α , Mukhanov reconstructed a
class of inflationary potential in [14]. The parameters α and
β in the Mukhanov parametrization were fitted to the obser-
vational data in [15], and the field excursion of the inflaton
in these models was discussed in [16–18]. By assuming that
the slow-roll parameters ε and η both scale as 1/N p at the
leading order in the large N limit, Roest divided some in-
flationary models into two universal classes with different
behaviors of the scalar to tensor ratio r [19]. The classifi-
cations of inflationary models were then generalized to in-
clude the parametrizations of ε(N) with the constant, expo-
nential and logarithmic classes [11], and to tachyon inflation
[20, 21]. The inverse relation ns−1=−α/N can be used to
derive r [22], and the detailed reconstruction of inflationary
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2potentials from the inverse parametrization was discussed in
[9, 23].
The Starobinsky model is the simplest nonlinear grav-
itational theory f (R) [24] which is one of the alternative
theories of gravity, the other alternative theories of grav-
ity include the scalar-tensor theories of gravity. It is well
known that f (R) gravity can be written as the scalar-tensor
theory of gravity [25, 26], and through the conformal trans-
formation, the scalar-tensor theory of gravity can be writ-
ten as the canonical scalar field minimally coupled to grav-
ity. After the conformal transformation, the potentials for
the Higgs inflation with the nonminimal coupling and the
Starobinsky model are both approximated by the potential
V (φ) =V0[1− cexp(−
√
2/3φ)] in the Einstein frame. The
potentials for the T model and E model have the same ap-
proximate behaviors during inflation, so they all give the
same results on ns and r. For the conformal coupling ξψ2R
with ξ = −1/6, the fields ψ and φ in different frames are
related as φ =
√
6tanh−1(ψ/
√
6), so the T model potential
in the Einstein frame can be obtained from the monomial
potential ψn in the Jordan frame [1, 2].
The same ns = 1−2/N and r = 12/N2 can be obtained
from more general potentials VJ(ψ) = λ 2 f 2(ψ) with the
nonminimal coupling ξ f (ψ)R for arbitrary functions f (ψ)
in the strong coupling limit [27]. If we take f (ψ) = ψ2,
then we recover the Higgs inflation with the nonminimal
coupling. Therefore, the ξ -attractors generalize the idea of
the Higgs inflation with the nonminimal coupling. This idea
of obtaining the attractor ns = 1− 2/N and r = 12/N2 by
the nonminimal coupling ξ f (ψ)R was then generalized to
any attractor we want by more general nonminimal cou-
pling [28]. Starting from different models with the potentials
V iJ(ψ) and nonminimal couplings Ω i(ψ) in Jordan frame, in
general we get different potentials V i(φ) = V iJ(ψ)/Ω i(ψ)
in Einstein frame after the conformal transformation. How-
ever, if we take the strong coupling limit which will be elu-
cidated in the following section, the universal relation φ =√
3/2 lnΩ i(ψ) between the fields ψ and φ is obtained, and
we can choose the potentials V iJ(ψ) so that V i(φ) become
the same potential V (φ) in the strong coupling limit, and
these different models labelled by superscript i have the same
ns and r in the strong coupling limit, i.e., the ξ -attractor is
obtained. In other words, different scalar-tensor theories of
gravity may give the same observables ns and r in the strong
coupling limit if we choose the potentials and nonminial
couplings appropriately. In general, it is possible to obtain
any attractor from general scalar-tensor theories of gravity
[28, 29] or f (R) gravity [28, 30–32]. By varying the Kähler
curvature, we can derive the α attractor with ns = 1− 2/N
and r = 12α/N2 [33], and the α attractor can also be de-
rived from general scalar-tensor theory of gravity [29]. The
constant-roll inflation with the slow-roll parameter ηH be-
ing a constant [34, 35] breaks the slow-roll condition if ηH
is not small and has richer physics than slow-roll inflation
because it includes both slow-roll and ultra slow-roll cases
[36–54]. Furthermore, the ultra slow-roll inflation can gen-
erate large density perturbation to seed the formation of pri-
mordial black holes [55–58]. It is interesting to study the
reconstruction of the α attractor and the constant-roll infla-
tion.
In this paper, we combine the idea of reconstruction and
obtaining ξ attractors from general scalar-tensor theories of
gravity to reconstruct the extended inflationary potentials 1.
The paper is organized as follows. In sec. 2, we give the
general formula and procedure for the reconstruction. In sec.
3, we discuss the reconstruction for the α attractors, and the
reconstruction for exponential parametrization is discussed
in sec. 4. We conclude the paper in sec. 5.
2 The Reconstruction method
For the single field inflation, to the first order of slow-roll
approximation, we have the relation,
d lnε
dN
= 2η−4ε, (1)
so the scalar spectral tilt can be expressed as
ns−1 =−2ε+ d lnεdN , (2)
where the slow-roll parameters2
ε =
1
2
(
dV/dφ
V (φ)
)2
, η =
d2V/dφ 2
V
. (3)
Note that we take the reduced Planck massM2pl = 1/(8piG)=
1. Because
dφ =
dV/dφ
V
dN =∓
√
2εdN, (4)
so
φ −φe =±
∫ N
0
√
2ε(N)dN, (5)
where the sign ± depends on the sign of the first derivative
of the potential and the scalar field is normalized by the re-
duced Planck mass Mpl = 1. Substituting relation (4) into
eqs. (2) and (3), we get [9, 23]
ε =
1
2
dV/dφ
V
dφ
dN
=
1
2
d lnV
dN
=
1
2
(lnV ),N > 0, (6)
1Extended inflation was first proposed in [59] by using the Brans-Dicke
theory.
2There are other definitions for the slow-roll parameters [60, 61].
For example, the Hubble flow slow-roll parameter ηH is defined as
ηH =−φ¨/(Hφ˙) which is related with η as ηH ≈ η−ε in the slow-roll
approximation [60]. The constant-roll inflation is usually defined as ηH
being a constant in the literature.
3ns−1 =−(lnV ),N+
(
ln
V,N
V
)
,N
=
(
ln
V,N
V 2
)
,N
. (7)
If we parametrize one of the functions as ε(N), ns(N), φ(N)
orV (N), then we can derive the other functions by using eqs.
(2), (4) and (6). So once one of the functions is parametrized,
in principle we can get the observables ns and r, and recon-
struct the potential V (φ) by using the relations (2), (4), (6)
and (7). Similarly, we can use the so called β -function for-
malism [62–65]
β (φ) =−2d lnW (φ)
dφ
≈±
√
2ε, (8)
to reconstruct the potential, where the so called superpoten-
tialW (φ) =−2H(φ), and the approximation means the first
order of slow-roll approximation.
Since the adiabatic perturbations are invariant under con-
formal transformation [66–74], the relationships between ob-
servable ns and r in different frames are easily established
although the physical equivalence between Einstein and Jor-
dan frames is unclear [75–79]. To reconstruct the potential
VJ [ψ(φ)] in the Jordan frame, we need to have the rela-
tion between the potentials in different frames. For a general
scalar-tensor theory in the Jordan frame
S=
∫
d4x
√−g˜[1
2
Ω(ψ)R˜(g˜)− 1
2
ω(ψ)g˜µν∇µψ∇νψ
−VJ(ψ)] ,
(9)
under the conformal transformations,
gµν =Ω(ψ)g˜µν , (10)
dφ 2 =
[
3
2
(dΩ/dψ)2
Ω 2(ψ)
+
ω(ψ)
Ω(ψ)
]
dψ2, (11)
we get the usual Einstein-Hilbet action with a minimally
coupled scalar field,
S=
∫
d4x
√−g
[
1
2
R(g)− 1
2
gµν∇µφ∇νφ −V (φ)
]
, (12)
where V (φ) = VJ(ψ)/Ω 2(ψ). Therefore, once we recon-
struct the potentialV (φ)with the relations (2), (4) and (6) by
parameterizing the observables, then the corresponding po-
tential for the general scalar-tensor theory in Jordan frame
is VJ(ψ) = Ω 2(ψ)V [φ(ψ)]. Of course, the models with the
potentialsVJ(ψ) =Ω 2(ψ)V [φ(ψ)] and the conformal factor
Ω(ψ) in Jordan frame transform to the same model with the
potential V (φ) in Einstein frame even though Ω(ψ) is arbi-
trary, i.e., these models are degenerate and they are the same
model. However, if we start with a potentialVJ(ψ) and an ar-
bitrary conformal factor Ω(ψ) in Jordan frame, for different
choices of Ω(ψ) in general we will get different potentials
V (φ) in Einstein frame, and the derived observables ns and r
will depend on the particular form ofΩ(ψ) and the coupling
constant for the nonminimal coupling.
In practice, to reconstruct the potential VJ(ψ), we need
to specify the conformal factor Ω(ψ) and solve eq. (11) to
get the relationship between ψ and φ . In general, it is diffi-
cult to obtain an analytical relation. However, if the contri-
bution from ω(ψ) is negligible, i.e., if the conformal factor
satisfies the condition
Ω(ψ) 3(dΩ(ψ)/dψ)
2
2ω(ψ)
, (13)
then we get
φ ≈
√
3
2
lnΩ(ψ), Ω(ψ)≈ e
√
2/3φ . (14)
Note that the with the above relation (14), the scalar-tensor
theory considered is equivalent to the f (R)=ΩR−2VJ grav-
ity with the following relation between R and ψ
Ω(ψ) =
d f (R)
dR
, R
dΩ
dψ
= 2
dVJ
dψ
. (15)
The condition (13) is called the strong coupling limit. In the
strong coupling limit, we get
VJ(ψ)≈Ω 2(ψ)V
(√
3
2
lnΩ(ψ)
)
. (16)
In this paper, we reconstruct the potentialVJ(ψ) in the strong
coupling limit. The requirement that the contribution from
ω(ψ) is negligible does not necessarily mean that ω(ψ)
1. In fact, we take ω(ψ) = 1 and Ω(ψ) = 1+ξ f (ψ), where
ξ is the dimensionless coupling constant and f (ψ) is an ar-
bitrary function. For simplicity, we take f (ψ) =ψk. For this
specific choice ofΩ(ψ), the strong coupling conditions (13)
and (14) become
ξ 
(
2
3k2
)k/2(
e
√
2/3φ −1
)1−k
exp
(√
1
6
kφ
)
. (17)
The effect of the strength of the coupling constant was dis-
cussed in [80]. Note that without taking the strong coupling
limit (13), after the conformal transformation (11), the re-
constructed potentialVJ(ψ) =Ω 2(ψ)V [
√
3/2 lnΩ(ψ)] de-
fined in eq. (16) becomes V [
√
3/2 lnΩ(ψ)] (not V (φ)) in
Einstein frame which depends on the coupling constant ξ
and the particular form of f (ψ). For different choices of the
conformal factorΩ(ψ), the forms of the potentialV [
√
3/2 lnΩ(ψ)]
are different and they depend on both ξ and f (ψ), so they
are different scalar-tensor theories of gravity. In particular,
in general none of them takes the reconstructed form ofV (φ).
Only in the strong coupling limit, the potentialV (
√
3/2 lnΩ)≈
V (φ) is independent of ξ and we obtain the ξ -attractor. To
understand the point, we review the ξ -attractor discussed
in [27]. In Jordan frame, we take the potentials VJ(ψ) =
4λ 2 f 2(ψ) with arbitrary functions f (ψ) and the conformal
factors Ω(ψ) = 1+ξ f (ψ). In Einstein frame, the potentials
become
V (φ) =
(
λ f (ψ)
1+ξ f (ψ)
)2
, (18)
where φ is related with ψ by eq. (11). The potentials V (φ)
in eq. (18) are different for different choices of f (ψ), so
the inflationary models are different. However, in the strong
coupling limit, from eq. (14), we get
f (ψ)≈ e
√
2/3φ −1
ξ
. (19)
Substituting eq. (19) into eq. (18), in the strong coupling
limit, the potentials become
V (φ)≈V0
(
1− e−
√
2/3φ
)2
, (20)
whereV0 = λ 2/ξ 2. So the ξ -attractor with ns = 1−2/N and
r = 12/N2 is reached in the strong coupling limit.
3 The α attractors
We take the power-law parametrization
r = 16ε =
12α
(N+N0)2
. (21)
In this paper, we assume that the parametrization is valid
until the end of inflation. At the end of inflation, N = 0 and
ε = 1, so we get N0 =
√
3α/4. From eq. (2), we get
ns = 1− 2N+N0 −
3α
2(N+N0)2
≈ 1− 2
N+N0
. (22)
This is the result for the α attractor [33, 81]. Comparing the
parametrization (21) with the Planck 2015 constraint r <
0.11 [6], we get 0 < α < 35.372 (95% C.L.) for N = 60.
More generally, we may take the power law parametrization
r= β/N p [14], then we get ns= 1− p/N−β/(8N p), but the
observations [6] tell us that p≈ 2, so we consider the simple
parametrization (21). Substituting the parametrization (21)
into eqs. (5) and (6), we get
V (N) =V0 exp
(
−3α
2
1
N+N0
)
, (23)
φ −φe =
√
3α
2
ln
N+N0
N0
, (24)
where
φe =
√
3α
2
lnN0 =
√
3α
8
ln
3α
4
. (25)
So the reconstructed potential is [14, 28]
V (φ) =V0 exp
[
−3α
2
e−
√
2
3α φ
]
. (26)
When α  1, the above potential reduces to the familiar
potential V (φ) =V0[1−cexp(−
√
2/3α φ)] with c= 3α/2.
Since φe < 0 when α < 4/3, in order to reconstruct the po-
tential VJ(ψ), we take the following transformation in the
strong coupling limit
φ ≈
√
3
2
ln
Ω(ψ)
Ω0
, Ω(ψ)≈Ω0 exp
(√
2
3
φ
)
, (27)
Combining eqs. (26) and (27), we get the reconstructed ex-
tended inflationary potential
VJ(ψ) =V0Ω 2(ψ)exp
[
−3α
2
(
Ω0
Ω(ψ)
)1/√α]
. (28)
For arbitrary function Ω(ψ) = 1+ξ f (ψ), we get the same
α attractor (21) and (22) from the above potential (28) in
the strong coupling limit (13). If the strong coupling limit is
reached, ξ f (ψ) 1, then Ω(ψ) 1 and VJ(ψ)≈V0ξ 2 f 2
for α = 1. In particular, the Higgs inflation with the nonmin-
imal coupling function f (ψ) = ψ2 is recovered. In fig.1, we
take Ω0 = 100, N = 60, α = 1 and α = 0.1, f (ψ) =ψk with
k= 1/3, 1/2, 1, 2 and 3 as examples to show the attractors in
the strong coupling limit. Substituting eq. (24) into eq. (17),
in the strong coupling limit, the coupling constant ξ satisfies
ξ 
(
2Ω0
3k2
)k/2
(N+N0)
k
√
α/2
[
Ω0 (N+N0)
√
α −1
]1−k
.
(29)
For α = 1, we find ξ  0.002 with k = 3 and ξ  1920
with k = 1/3. For α = 0.1, we find ξ  0.001 with k =
3 and ξ  184 with k = 1/3. These are confirmed by the
numerical results.
From eqs. (21) and (24) and eliminating the parameter
α , we get the field excursion
∆φ = φ∗−φe =
√
r
8
(N+N0) ln
N+N0
N0
, (30)
which is bigger than the Lyth bound [82] N
√
r/8 = 2
√
3α
as expected, here we neglect the contribution from N0. In
particular, if we take α = 0.1, then the Lyth bound gives
∆φ = 0.3464. If we use the modified Lyth bound [83, 84],
the expected field excursion would be smaller. However, from
eq. (30), we get the super-Planckian field excursion ∆φ =
2.0891. As discussed in [85], the smallness of r or the Lyth
bound cannot be used to rule out large field inflation.
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Fig. 1 The numerical results of ns and r for the scalar-tensor theory with the potential (28). We take Ω0 = 100, the power-law functions f (ψ) =ψk
with k = 1/3, 1/2, 1, 2, 3, and N = 60. The left panel shows the α attractor with α = 1 and the right panel shows the α attractor with α = 0.1.
The coupling constant ξ increases along the direction of the arrow in the plot. The shaded regions are the marginalized 68%, 95% and 99.8% C.L.
contours from Planck 2015 data.
4 Exponential parametrization
For the simple exponential parametrization
r = 16ε =Cexp(−βN), (31)
we get
ns = 1−β − C8 exp(−βN). (32)
Combining the parametrization (31) with eqs. (5) and (6),
we derive the potential
V (φ) =V0 exp
(
−β
4
φ 2
)
. (33)
The condition for the end of inflation ε(N = 0) = 1 gives
C = 16. Combining eqs. (31) and (32) and eliminating the
parameter β , we get
ns = 1+
1
N
ln
( r
16
)
− r
8
. (34)
It is easy to show that when r = 8/N, ns reaches its maxi-
mum n¯s = 1− [1+ ln(2N)]/N. If we take N = 50, the maxi-
mum value is n¯s = 0.888. If we take N = 60, the maximum
value is n¯s = 0.904. These values are not consistent with the
observations [6], so this model is excluded by the observa-
tions.
Now we consider the parametrization [9]
ε(N) =
α exp(−βN)
1+ sexp(−βN) , (35)
where 0 < α < 1 and s = −(1−α) so that ε(N = 0) = 1.
The scalar spectral tilt is
ns = 1− β +2αe
−βN
1+ se−βN
. (36)
By using the Planck 2015 results, we get the constraints on
the parameters α and β in the parametrization (35) and the
constraint contours are shown in the left panel of fig. 2. Sub-
stituting the parametrization (35) into eq. (1), we obtain the
slow-roll parameter
η =−β
2
+
(4α+β s)e−βN
2(1+ se−βN)
. (37)
If 4α + β s = 0, then we get the constant-roll inflationary
model with η = −β/2 [34, 35]. If the constant is 3, then
it is called the utra slow-roll inflation [36, 37] which is a
limiting case of the constant-roll inflation.
From eq. (6), we get
V (N) =V0
(
1+ se−βN
)−2α/(β s)
. (38)
From eq. (5), we get
φ −φe =± 2
√
2α
β
√−s
[
arccos(
√−se−βN/2)− arccos(√−s)
]
,
(39)
where
φe =± 2
√
2α
β
√−s arccos(
√−s). (40)
Combining eqs. (38) and (39), we get the potential
V (φ) =V0
[
sin
(
β
√
1−α
2
√
2α
φ
)]4α/[β (1−α)]
. (41)
Choosing the superpotentialW = X f (Φ) and stabilizing the
superfields Re(Φ) and X at the origin, we can obtain the in-
flaton potential from supergravity model asV (φ)= | f (φ/√2)|2
with Im[Φ ] = φ/
√
2 [83, 86–89]. Therefore, it is possible to
derive the potential (41) from supergravity model building.
6Substituting the transformation (14) into the potential
(41), we get the reconstructed extended potential
VJ(ψ)=V0Ω 2(ψ)
[
sin
(
β
√
3(1−α)
4
√
α
lnΩ(ψ)
)]4α/[β (1−α)]
.
(42)
For arbitrary function Ω(ψ), we get the attractors (35) and
(36) in the strong coupling limit. For the constant-roll infla-
tion with η =−β/2, the potential (42) becomes
VJ(ψ) =V0Ω 2(ψ)sin
(√
3β
2
lnΩ(ψ)
)
. (43)
In the right panel of fig. 2, we use the constant-roll inflation
with β = 4α/(1−α) and α = 0.01/2.01 as an example to
show the attractors ns = 0.967 and r = 0.034 in the strong
coupling limit, we take N = 60 and f (ψ) = ψk with k =
1/3, 1/2, 1, 2 and 3. The models with different k become
the modelV (φ) =V0 sin(0.1φ) with constant-roll parameter
η = −0.01 in the strong coupling limit. From eq. (17), we
find that the strong coupling limit requires ξ  1147 for
k = 1/3 and ξ  0.08 for k = 3, these are supported by the
numerical results.
Form eq. (39), we get φ∗ = 9.91. From eq. (40), we get
φe = 0.706, so the field excursion is ∆φ = 9.21 while the
Lyth bound requires that ∆φ > 3.93.
5 Conclusions
Under the conformal transformations (10) and (11), in gen-
eral we will get different potential V i(φ) in the Einstein
frame from different potentialsV iJ(ψ) and arbitrary nonmin-
imal couplings Ω i(ψ) in the Jordan frame. However, in the
strong coupling limit (13), we may get the same potential
V (φ) in the Einstein frame from different potentials V iJ(ψ)
with arbitrary nonminimal couplings Ω i(ψ) in the Jordan
frame. This is the reason for the existence of ξ attractors.
In particular, the Higgs inflation with the nonminimal cou-
pling ξψ2R is a special case of the general scalar-tensor the-
ories of gravity with the potentials VJ(ψ) = λ 2 f 2(ψ) and
the nonminimal coupling ξ f (ψ)R, here the function f (ψ)
is an arbitrary function. Based on this observation, in princi-
ple we can derive any observables ns and r from the general
scalar-tensor theories of gravity by choosing the potentials
VJ(ψ) and the nonminimal couplings Ω(ψ) appropriately.
On the other hand, we can reconstruct inflationary poten-
tials by parametrizing the observables such as r and ns with
N. The parameters in the parametrization are fitted to the
observations even before we derive the potentials, so the re-
constructed models with the constrained parameters are con-
sistent with the observations by construction.
In this paper, we combine the idea of ξ attractors and
the reconstruction method to derive the general procedure
to reconstruct the extended inflationary potentials for attrac-
tors and use two particular parametrizations (21) and (35)
as examples to show how to reconstruct the class of ex-
tended inflationary potentials in the strong coupling limit.
We show explicitly that the ξ attractor is reached for differ-
ent extended inflationary potentials in the strong coupling
limit and the derived results are consistent with current ob-
servations. Since in the process of reconstruction, φ(N) can
be obtained, so the field excursion is easily derived. The re-
sult supports the conclusion that the smallness of the tensor
to scalar ratio cannot rule out large field inflation. We also
derive the strong coupling condition (17) and apply it to con-
strain the coupling constant ξ . The derived strong coupling
condition is supported by the numerical results.
In conclusion, we propose the reconstruction procedure
and show that the ξ attractors are reached in the strong cou-
pling limit with two reconstructed classes of extended in-
flationary potentials. The existence of the ξ attractors from
extended inflationary models further challenges the model
discrimination just by the observables ns and r.
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Fig. 2 The left panel shows the constraints on α and β by Planck 2015 results for N = 60 in the parametrization (35). The green, yellow and
red regions correspond to 68%, 95% and 99.8% C.L. contours. The solid line β = 4α/(1−α) corresponds to the constant-roll inflation with the
potential (43). The right panel shows the numerical results of ns and r for the scalar-tensor theory with the potential (43). We take N = 60 and the
power-law functions f (ψ) =ψk with k= 1/3, 1/2, 1, 2 and 3 for the constant-roll inflation with β = 4α/(1−α) and α = 0.01/2.01. The coupling
constant ξ increases along the direction of the arrow in the plot. The shaded regions are the marginalized 68%, 95% and 99.8% C.L. contours from
Planck 2015 data.
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